Impact Statement
Leptospirosis remains an important neglected disease with worldwide 67 distribution. This zoonotic disease impacts in the livestock production 68 and the bovine infection is currently associated to species L. 69 borgpetersenii and L. interrogans serovar Hardjo. L.interrogans serovar 70 Hardjo infection is recognized as reproductive disease associated with 71 abortion and economic lost. In this context, we studied a unique whole 72 genome sequence of L. interrogans serovar Hardjo subtype Hardjo-73 prajitno isolated from bovine leptospirosis outbreaks in Brazilian dairy 74 farm, one of the greatest country of milk production in world. We 75 compared L. interrogans and L. borgpetersenii genomes with L. 76 interrogans serogroup Sejroe serovar Hardjo subtype Hardjo-prajitno 77 focusing on rfb locus and sugars biosynthesis. Leptospira spp. taxonomy 78 and serology information are strictly associated with rfb locus and we 79 found high correlation among bacterial strains classified in serogroup 80 Sejroe. Although L. interrogans and L. borgpetersenii classified in 81 serogroup Sejroe possess a greater genetic correlation, we uniquely 82 identified that serovar Hardjo strains often possess identical loci carrying 83 predicted sugar biossinthesis genes and mobile elements. The Sru (Sejroe 84 specific Rfb Upstream locus) locus associated to rfb locus probably 85 contribute to Leptospira spp. genetic information concerning serogroup 86 and serovar degrees of taxonomic and serology in this microbiology field. All Leptospira spp. genome sequences used in this study were retrieved 92 from National Center for Biotechnology Information (NCBI) ( Table 1) 93 with NCBI ID: NZ_CP006723.1, NZ_CP012603.1, NC_004342.2, and pathogenesis (7, 8, 9) . Differences among those bacterial subtypes include 117 differences in geographical regions of isolation, genome composition, capacity for 118 environmental survival and the lipopolysaccharide composition associated with the 119 rfb locus (9, 10, 5, 6, 11). In L. borgpetersenii and L. interrogans of the same Hardjo 120 serovar, the rfb loci is composed of 31 and 32 open read frames (ORFs), respectively. 121
The additional ORF in L. interrogans is located between ORF4 and ORF5 (6, 12). 122
Most rfb ORFs are associated with the biosynthesis of sugars, such as rhamnose, 123 mannosamine, fucosamine and galactose (5, 6, 11 (14) . Initially, the Proteome Comparison Tool implemented in 173 PATRIC (https://www.patricbrc.org/) was used to generate a matrix of the 174 bidirectional best hits between the proteins from all genomes using the BLASTp 175 algorithm (15). For each best hit, we recovered information about the coverage, 176 sequence identity, protein annotation and genomic coordinates (Supplementar Table  177 1). The best hit pairs were used to build syntenic maps. The rfb locus from L. interrogans serovar Hardjo is a hybrid between 212
Hebdomadis and Hardjo-bovis 213 214
The rfb locus has been used to classify Leptospira into serogroups (1, 18, 19) . Thus, 215
we selected Leptospira species that are historically related with serogroup Sejroe and 216 serovar Hardjo (Table 1) to evaluate the rfb locus conservation between different subtype Hardjoprajitno strain Norma has 37 Kb and is composed of 32 predicted 219 ORFs ( Figure 1A ). Comparative analysis showed that the Norma strain has identical 220 gene synteny with L. interrogans str. Brem 329, L. interrogans serovar Hardjo str. 221
Hardjoprajitno and L. borgpetersenii serovar Hardjo-bovis L550 ( Figure 1A) . 222
Previous work indicates that in the L. interrogans serovar Hardjo subtype 223
Hardjoprajitno rfb locus, ORF1 to ORF14 were probably acquired from L. Table 2 ). These areas were previously described as being more similar 240 to serovar Hardjobovis (11, 6). In contrast, the analysis of L. interrogans serovar 241
Copenhageni showed identities of 52.4% and 69.5% for those two genes (ORF21 and 242 ORF22), respectively. Hebdomadis showed an absence of ORF13 to ORF16; in its place, we identified a 268 mobile element classified as an insertion sequence (IS) (Figure 2 and Supplementar 269 Table 3 ). In contrast, the region upstream of the rfb locus in serovars Lai and 270
Copenhageni showed very different gene organization in comparison with the other 271
Leptospira strains in the analysis. Positive matches were observed only for ORF30, 272
Orf33, Orf34, Orf35, Orf36, Orf41 and Orf43 (Figure 2 and Supplementar Table 3 ). 273
The functional annotation of genes comprising the sru locus showed that most coded 274 for enzymes involved in transferase activity, including methyltransferases, 275 cytidylyltransferase and nucleotidyltransferase (Figure 3 , Supplementar Table 4 ). Table 4 ). We also identified 3-deoxy-manno-octusolonate The correlation of the sru locus within serological features was also evaluated in 308 distinct Leptospira spp. that belonged to serovar Hardjo. The results obtained with L. 309 meyeri serovar Hardjo showed that from a total of 43 genes there were 11 negative 310 matches, 29 encoding genes with less than 40% identity, sequence coverage varying 311 from 18% to 97%, and 3 genes showing identities higher than 40%. We also analyzed 312 the predicted sequence of L. borgpetersenii serovar Ballum. The results showed a 313 total of 27 proteins with less than 40% identity, negative results for 12 proteins and 314 4 genes with an identity higher than 40%. 315 Phylogenetic analysis using the protein sequence based on sru locus genes showed 316 results that were similar to those of the nucleotide phylogenetic analysis. Thus, the 317 detected divergences along the sru locus were maintained in the genomes, and they 318 can affect protein activities, including different phenotypes in typing assays. A 319 phylogenetic analysis based on protein sequences also demonstrated that the 320 topology of most of the trees produced (14 gene trees) clustered the strains of L. 321 interrogans and L. borgpetersenii of serogroup Sejroe together ( Figure 5 and 322
Supplementar Figures 1 and 2) . Thus, the ortholog groups that produced 323 phylogenetic trees in agreement with serogroup classifications were from the 324 Leptospira species can be useful for enhancing epidemiological disease control. In 342 this study, we performed a comparative genomic analysis to identify molecular 343 patterns that discriminate the Leptospira strains of serogroup Serjoe and serovar 344
Hardjo. First, using whole-genome sequence analysis, we observed high similarities 345 among L. interrogans serovars, however similar genome synteny and identities were 346 observed among L. interrogans and L. borgpetersenii serovar Hardjo (13) (Supplementar Table 1 and Figure 2 ). These findings are in agreement with 348 previously described results, where L. interrogans serovar Hardjo was found to 349 possess identical synteny and identity of ORF15-ORF31 with that of L. interrogans 350 serovar Copenhageni (6). However, in the current study, we observed that ORF15-351 ORF31 from L. interrogans possess higher identity with L. interrogans serovar 352
Hebdomadis than with serovar Copenhageni. In fact, ORF22 in the rfb locus from L. identified are in accordance with the current principal method for serogroup 404 identification and that the key concept is seroconversion on paired samples 405 associated with LPS/rfb locus leptospiral composition (1,6,11). Thus, the detected 406 divergences along the sru locus were fixed in the genome; they can affect protein 407 activities including different phenotypes in typing assays. 408
The phylogenetic analysis of nucleotide and amino acid sequences from sru locus 409 genes revealed that most of the genes clustered strains from serogroup Sejroe 410 together. Among all sru locus ORFs, aminotransferase protein may be relevant for the 411 molecular typing of Leptospira spp. because the sequence is present in all Leptospira 412 strains and it clustered all strains of serogroup Sejroe in the analysis. Related literature 413 has discussed the application of aminotransferase proteins in the phylogenetic analysis 414 of bacteria. In Halomonas variabilis, aminotransferase phylogeny results clustered 415 strains from different geographic locations together (Okamoto et al., 2008) . Here, we 416 observed that aminotransferase phylogeny also showed a topology that clustered 417 strains from the same geographic locations, such as strains from Brazil, Indonesia and 418
Germany. Based on this in silico analysis, the next step in this work is to evaluate 419 Leptospira spp. encoding region genotypes by applying genetic methodologies. 
